Background: Socioeconomic variables impact health outcomes but have rarely been evaluated in critical illness. Low-and middle-income countries bear the highest burden of sepsis and also have significant health inequities. In Argentina, public hospitals serve the poorest segment of the population, while private institutions serve patients with health coverage. Our objective was to analyze differences in mortality between public and private hospitals, using Sepsis-3 definitions. Methods: This is a multicenter, prospective cohort study including patients with sepsis admitted to 49 Argentine ICUs lasting 3 months, beginning on July 1, 2016. Epidemiological, clinical, and socioeconomic status variables and hospital characteristics were compared between patients admitted to both types of institutions. Results: Of the 809 patients included, 367 (45%) and 442 (55%) were admitted to public and private hospitals, respectively. Those in public institutions were younger (56 ± 18 vs. 64 ± 18; p < 0.01), with more comorbidities (Charlson score 2 [0-4] vs. 1 [0-3]; p < 0.01), fewer education years (7 [7-12] vs. 12 [10-16]; p < 0.01), more frequently unemployed/informally employed (30% vs. 7%; p < 0.01), had similar previous self-rated health status (70 [50-90] vs. 70 points; p = 0.30), longer pre-admission symptoms (48 [24-96] vs. 24 [12-48] h; p < 0.01), had been previously evaluated more frequently in any healthcare venue (28 vs. 20%; p < 0.01), and had higher APACHE II, SOFA, lactate levels, and mechanical ventilation utilization. ICU admission as septic shock was more frequent in patients admitted to public hospitals (47 vs. 35%; p < 0.01), as were infections caused by multiresistant microorganisms. Sepsis management in the ICU showed no differences. Twenty-eight-day mortality was higher in public hospitals (42% vs. 24%; p < 0.01) as was hospital mortality (47% vs. 30%; p < 0.01). Admission to a public hospital was an independent predictor of mortality together with comorbidities, lactate, SOFA, and mechanical ventilation; in an alternative prediction model, it acted as a correlate of pre-hospital symptom duration and infections caused by multiresistant microorganisms. Conclusions: Patients in public hospitals belonged to a socially disadvantaged group and were sicker at admission, had septic shock more frequently, and had higher mortality. Unawareness of disease severity and delays in the health system might be associated with late admission. This marked difference in outcome between patients served by public and private institutions constitutes a state of health inequity.
Introduction
While there is a significant body of knowledge about socioeconomic determinants of health in chronic disease and in all-cause mortality [1] [2] [3] [4] , how these factors impact the outcomes of critical illness still remains mostly unknown. The information, however, is slowly beginning to emerge: it has been demonstrated that decreasing Gross National Income (GNI) per capita is associated with rising mortality in ICU patients in general and also in patients with ARDS [5] [6] [7] . Sepsis is responsible for approximately 5.3 million deaths annually worldwide, but this data likely underestimates true global figures as it is extrapolated from high-income countries (HICs). Low-and middleincome countries (LMICs), the most populated regions of the world, bear the highest burden of sepsis [8] [9] [10] . LMICs face their own challenges: microorganisms causing sepsis differ from those of high-income countries, clinical outcomes might be poorer, and in LMICs, the provision of critical care could be suboptimal [10] [11] [12] [13] [14] [15] . Most importantly, within these countries, profound inequities, defined as systematic, unjust, and preventable differences in determinants of health, such as socioeconomic status (SES), demographics, and geography, might create a health gradient that ultimately affects outcomes for various population subgroups [16] .
Additionally, health systems are usually fragmented, consisting of an overloaded public sector serving the poor, social security agencies for formal workers, and a private sector for the wealthy [17] [18] [19] [20] . This complex structure leads to further social segregation, given that the healthcare process perpetuates the differences in SES.
The SATISEPSIS prospective cohort study in 49 ICUs in Argentina validated Sepsis-3 definitions [21] in an upper middle-income country and showed epidemiologic characteristics, management, outcomes, and predictors of mortality [22] . A key secondary purpose of SATISEPSIS was to examine differences in outcomes and their determinants in patients admitted to the different health subsectors, which is explored in this study. Our hypothesis was that higher mortality, usually ascribed to admission to public hospitals [23] [24] [25] , was attributable to a more advanced-and, as such, more severe-state of the disease on admission. We also sought to identify the independent prognostic factors that could lead to this negative outcome.
Some of the results of these studies have been previously reported in the form of an abstract [26] .
Methods
Detailed methods and the main results for SATISEPSIS have been published elsewhere [22] . Briefly, SATISEPSIS was a national, multicenter, prospective cohort study lasting 3 months, beginning on July 2, 2016. The study was conceived by the Argentine Society of Intensive Care (SATI: Sociedad Argentina de Terapia Intensiva) and partially sponsored by the Argentine National Ministry of Health. The primary aims were to characterize the epidemiology and outcome of sepsis in an upper middleincome country using the Sepsis-3 definitions and to assess its prognostic validity. The study was approved by each hospital's Institutional Review Board, and informed consent was signed by patients or their relatives.
Patients included were ≥ 18 years, admitted to participating ICUs with a suspected infection that triggered blood cultures and/or other body fluid sampling, and administration of antibiotics within 24 h. Patients with infections developed during ICU stay were also considered.
Patients were assigned to the categories of infection, sepsis, or septic shock according to Sepsis-3 definitions [21] .
On ICU admission, recorded data were epidemiological data, Charlson score, self-rated overall health status previous to the current disease (Euro-QoL visual analogue scale [EQ-VAS], from 100 points [best possible status] to 0) [27] , duration of infection symptoms, home-to-hospital distance, years of education, occupation, previous evaluation in another healthcare venue for the current disease, APACHE II and SOFA scores [28] , presence of systemic inflammatory response syndrome (SIRS), presumed site of infection, and origin of infection. If patients were unable to respond, data were provided by the next of kin. Other measured variables were serum lactate; vasopressor use; fluid requirement; time to administration of antimicrobials and adequacy, according to isolated microorganisms; presence of highly resistant microorganisms; and organizational characteristics of each participating center.
For this study, the main comparisons were between patients admitted to public or private hospitals. Public institutions comprise two sector blocks: hospitals dependent on the national or provincial Ministry of Health and others belonging to the social security system; they serve the poorest segment of the population and the formal workers, respectively [29] . For this analysis, they were merged into the "Public" category, as has been suggested [19] . In contrast, private hospitals are for-profit or nonprofit privately funded institutions, which serve patients with private health insurance or who pay for services out of pocket. The primary outcome was hospital mortality.
Statistical analysis
Data are presented as proportions, mean and standard deviations, or median and [0.25-0.75] percentiles. Differences between patients admitted to public and private hospitals were analyzed with chi-square or Fisher's tests or t or Wilcoxon rank sum tests, as appropriate. Our aim was to determine if there was an association between mortality and the type of hospital. Variables differing between survivors and nonsurvivors with a p < 0.10 in bivariable analysis were entered into two different multivariable logistic regression models, one which included the public/private category and the other which did not. Calibration was assessed using the Hosmer-Lemeshow test. A receiver operating characteristic (ROC) curve was constructed to evaluate model discrimination. To avoid bias introduced by missing data and assuming they were missing at random, the analysis of the primary outcome was replicated after multiple imputation.
Data were analyzed with Stata 14.0 (StataCorp LP, College Station, TX, USA).
Results
Overall recruitment was 809 patients. Of the 49 participating ICUs, 23 (43%) belonged to the public sector and 26 (57%) to the private, and included 367 (45%) and 442 (55%) patients, respectively (Fig. 1) . Only 2 of the 23 hospitals of the public system corresponded to the social security system.
Compared to patients in private hospitals, patients in public institutions were significantly younger (56 ± 18 vs. 64 ± 18; p < 0.01), had lower BMI (26 [23] [24] [25] [26] [27] [28] [29] vs. 27 [24] [25] [26] [27] [28] [29] [30] [31] ; p < 0.01), had more comorbidities (Charlson score 2 [0-4] vs. 1 [0-3] points; p < 0.01), had alcoholrelated problems (22% vs. 7%; p < 0.01), had fewer years of education (7 [7] [8] [9] [10] [11] [12] vs. 12 [10] [11] [12] [13] [14] [15] [16] ; p < 0.01), and were more frequently unemployed or had illegal jobs (30% vs. 7%; p < 0.01). The perception of the self-rated overall health status prior to the present disease was similar, according to EQ-VAS. With respect to sepsis/ septic shock, the duration of pre-admission symptoms was twice that of patients in public hospitals (48 vs. 24 h; p < 0.01), and they had been evaluated more frequently in any healthcare venue before admission (28% vs. 20%; p < 0.01), compared to patients in private hospitals. Home-to-hospital distances were similar for both groups. All comparisons are shown in Table 1 .
Patients admitted to public hospitals had higher APACHE II, septic shock, requirement of mechanical ventilation, and lactate levels than patients in private hospitals (p < 0.01 in all cases) ( Table 2 ). There were no differences between groups in time to receiving the first antibiotic dose or administration of a fluid bolus of 30 ml/kg. Infections due to multiresistant microorganisms were significantly more frequent in public hospitals than in private ones.
Twenty-eight-day mortality was 42% in public hospitals (vs. 24% in private; p < 0.01); hospital mortality was respectively 47% vs. 30% (p < 0.01); Kaplan-Meier estimates of survival were also different (log-rank test p < 0.01; Fig. 2 ). No differences in the length of mechanical ventilation or of ICU and hospital stay were recorded. ICU bed number was similar in public and private hospitals, but human resources (nurse-to-patient-ratio, number of board-certified specialists and of residents) were higher in public hospitals (Additional file 1: Table S1 ).
Localization of sites of infection was similar across groups (Additional file 1: Table S2 ).
With regard to independent determinants of mortality (Table 3 and Additional file 1: Table S3 ), variables related to higher comorbid disease, and higher severity of acute disease such as SOFA score, increasing lactate levels, requirement of mechanical ventilation, and admission to a public hospital, were associated to higher mortality, with excellent model calibration and discrimination. This is shown in model 1. However, when other relevant covariates such as duration of previous symptoms and infection by multiresistant microorganisms were tested in the model, admission to a public hospital ceased to have a significant association with mortality-acting as a correlate for the last two variables (Table 3) . These results were consistent after performing multiple imputation for missing values in the variables of interest (Additional file 1: Tables S4 and S5 ).
Discussion
In this large, prospective cohort study carried out in Argentina in patients with sepsis and septic shock, admission to a public hospital was associated with higher mortality compared to admission to a private institution. In LMICs, this phenomenon has already been reported in sepsis and critically ill obstetric patients [23] [24] [25] . The difference in the main outcome (47% vs. 30% mortality for public vs. private hospitals) was striking and reflected that patients admitted to public hospitals-although younger-were more acutely ill, had more underlying diseases, had a longer period of sepsis symptoms, and suffered from more frequent infections by highly resistant microorganisms.
Socioeconomic differences might have impacted outcomes indirectly since admission to hospitals belonging to the public health subsector can be considered a proxy of low SES, given that they serve uninsured, socially disadvantaged groups. In accordance with this, patients from public hospitals in our study had significantly fewer years of education (a difference of 5 years), lower BMI, more alcohol-related problems, and higher rates of unemployment or illegal jobs. Furthermore, public hospitals The occupation category of "legally employed or health-insured" comprises patients with legal jobs, students, retired, and homemakers *EQ-VAS: EuroQol visual analogue scale (from 100 points [best health state to 0 worst] self-evaluated health state, previously to the diagnosis of sepsis)
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Includes primary practices, lower-complexity hospitals, or major hospitals are usually underfinanced by national or local health ministries [29] . Differential outcomes related to SES are not exclusive to LMICs: in HICs like England, a higher "deprivation index" (calculated after education, employment, income, disabilities, and other variables) has been related to increased ICU mortality [30] . In the USA, in a nationwide retrospective cohort analysis of patients with sepsis, those with the lowest median income level were younger, less likely to be Caucasian, had lower health insurance coverage, and had higher mortality, compared to residents of the highest income quartile [31] . In other HICs, low SES has also been associated with more severe disease upon ICU admission and higher comorbid conditions [32, 33] . The fact that patients from public hospitals had experienced 48 h of sepsis-related symptoms before having been admitted (vs. 24 h from those in private institutions) is remarkable and deserves close attention. This finding may be explained using the conceptual framework of "the three-delay model" developed to explain the obstacles in obtaining appropriate obstetric care in low-income countries [34] . This model has recently been applied to evaluate emergency care given that LMICs bear a high burden of emergencies [35] . The first barrier that produces a delay in diagnosis and treatment is patient lack of awareness of a potentially severe condition; it is ascribed to educational and cultural factors [34, 35] . In our study, educational achievements were notably lower in patients in the public health subsector, likely contributing to their inability to recognize illness severity and subsequently to the higher frequency of admission with septic shock. Patients with low education might also be unaware that they have chronic medical conditions. In this study, despite their significantly higher Charlson score, patients from public hospitals rated self-perception of comorbidities equal to that of patients from private institutions. A "dose-response" relationship between educational attainment and health is well-established in the literature [16, 36] .
In the 3-delay conceptual framework, the second delay is access to healthcare facilities, which includes geographical distance and transportation issues. Of note, in Argentina, patients can be admitted directly to public hospitals without previous evaluation in clinics. We did not find differences in home-to-hospital distance between groups, perhaps because most patients lived in big cities, reflecting the unbalanced distribution of population in Argentina-which is 92% urban [37] . However, availability of patient transportation might have differed between Table S2 OR odds ratio, CI confidence interval, EQ-VAS EuroQol visual analogue scale (from 100 points [best health state to 0 worst] self-evaluated health state, previously to the diagnosis of sepsis), SOFA Sequential Organ Failure Assessment †Highly resistant microorganisms include methicillin-resistant S. aureus, vancomycin-resistant Enterococcus, P. aeruginosa, A. baumannii, and β-lactamase-producing Klebsiellae both types of hospitals; it has been considered a surrogate of health insurance [38] . Lastly, it is worth mentioning that the arrival at a healthcare venue does not imply receiving immediate diagnosis and treatment. Patients in public hospitals reported antecedent visits to health clinics without inpatient admission more frequently than patients in private hospitals. Lack of recognition of communityacquired sepsis might have contributed to this.
Lack of awareness of sepsis in healthcare providers has been reported in an LMIC like Brazil, where patients admitted to public hospitals with sepsis exhibited higher mortality compared to those admitted to private hospitals. The authors ascribed this worsened prognosis to delay in diagnosis and thereafter in receiving appropriate treatment [39] . General lack of knowledge of physicians and healthcare personnel about sepsis occurs worldwide [40] [41] [42] ; these situations might lead to delayed treatment and progression to more severe forms of disease (i.e., septic shock). Notwithstanding this, regarding sepsis management in the ICU, patients obtained similar treatment in both types of hospitals. Indeed, median time to antibiotic administration at sepsis recognition was 2 h, in keeping with the 3-h bundle of the Surviving Sepsis Campaign; still, this was longer than the 1-h period recently recommended, which underscores the concept of sepsis as a medical emergency [43] [44] [45] . Initial fluid management (administration of a 30 ml/kg bolus) and the proportion of patients with negative cultures/adequate/inadequate antibiotics also did not differ. Infections by multiresistant microorganisms were more frequent in public hospitals, and this was an independent predictor of mortality. Most unexpectedly, this complication could not be attributed to personnel shortage as the public hospitals recorded higher physician-to-patient and nurse-to-patient ratios. However, turnover is frequent in the public system, as described in other LMICs [25] , and may be associated with inappropriate care. Beyond the numbers of healthcare personnel, processes of care are what seem to impact clinical outcomes [46] . We did not record the use of protocols in this study; nevertheless, in Latin-American ICUs, their utilization is suboptimal [17] . A differential adoption of hand-washing practices or other quality improvement initiatives between both types of institutions might explain our findings. What is more, in a recent survey of 735 Latin-American intensivists, the evaluation of satisfactory conditions to treat septic shock was lower in public hospitals due to insufficient technology, laboratory support, imaging resources, and drug availability [47] .
Solutions are complex, since educational level and occupation/employment are components of SES together with income and wealth [48] , all factors deeply affected in the population served by public institutions. Nevertheless, some factors are modifiable, thus establishing new targets for public health intervention. The World Health Organization has instructed its country members to increase awareness of sepsis both in the general public and in healthcare workers through public campaigns, educational activities, safety patient projects, and advocacy efforts-highlighting sepsis as a preventable but timesensitive disease [49, 50] . Such initiatives have already been implemented in many countries [51, 52] , yet not in Argentina. To date in Argentina, there have been campaigns targeting vaccinations, AIDS, and seasonal infectious diseases like measles, influenza, hantavirus pulmonary syndrome, dengue, zika, and leptospirosis via TV advertisements, billboards, street advertising, and outreach programs [53] . As the WHO recommends, health authorities could increase awareness by introducing the term "sepsis" as a comprehensive concept and using it to communicate with population at large as well as patients, families, and healthcare workers. The WHO also suggests fostering activities on September 13, which has been established as World Sepsis Day [49] .
Within the ICU, the development of local quality improvement programs to increase compliance with the Surviving Sepsis Campaign bundles might improve the situation since they are associated with decreased mortality when implemented [43, 54, 55] . A word of caution is necessary since belonging to a South American country, a public hospital, or an LMIC is related to low compliance with campaign bundles [23, 56] . This low compliance underscores deep deficiencies in terms of resources, training, ICU beds, drugs and devices, and low adherence to protocols [17] . It is our hope that this study will be considered a step towards addressing the problem of sepsis in Argentina.
This study has limitations. Center participation was voluntary and might bias results. However, we sampled 7.2% of all Argentine ICUs (49/681), and the proportion between public and private institutions was consistent with the national distribution. We did not measure income directly, but we recorded other determinants of SES such as education level and occupation. We were not able to demonstrate an independent effect of inequity markers on mortality, such as education or employment status. However, it is possible that these variables reflecting deprivation states need to be assessed comprehensively in an index including further indicators, instead of isolated variables [30, 32, 33] . We consider that solely being admitted to a public hospital reflects the variables related to health inequities. Our data might not be generalizable to septic patients admitted in other settings such as EDs or wards.
Strengths of the study consist in its prospective design and the comprehensive evaluation of relevant variables related to sepsis epidemiology, treatment, and outcome.
Additionally, this is the first study to specifically target data about SES in ICU patients with sepsis.
Conclusion
In this prospective cohort study from Argentina, patients with sepsis and septic shock admitted to public hospitals had remarkably higher mortality in comparison to those in private institutions. Patients from public hospitalswhile younger-were more acutely ill on admission and showed more comorbid conditions; these factors are consistently associated with worse outcomes in sepsis. In addition, a lack of recognition of severity of disease-both by patients and healthcare providers in the public system-might have extended symptom duration and subsequently delayed diagnosis and timely hospital admission. Notwithstanding, sepsis management and human resources were similar in both types of hospitals; however, infections by multiresistant microorganisms, usually associated with increased mortality, were more frequent in public hospitals.
These issues highlight the need for education to raise awareness of sepsis, both within the community and for healthcare personnel. It is also imperative to improve processes of care in the ICU, which are notoriously deficient in Latin-America.
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